One major purpose of the accelerator test stand (ATS) is to see if particle simulation codes can correctly predict the output beam parameters of our radiofrequency quadrupole (RFQ) linac. By injecting a very bright 100-keV beam (100 mA, 0.02 ir.cm-mrad) and comparing the measured output beam parameters with those predicted (using PARMTEQ), we can investigate PARMTEQ's performance in a high space-charge regime. PARMTEQ has successfully simulated the RFQ beam transmission and energy distribution; it is more difficult to simulate output transverse emittance. Transverse emittance is also difficult to measure because of the high-power-density beam. Special modification of our interceptive slit and collector equipment was required. This paper will compare measured transverse emittances with those predicted.
Introduction
A description of the ATS with its upgraded RFQ, improved source, and column has been presented earlier. ' A diagram of ATS is given in Fig. 1 . Using our present RFQ, we have measured its beam transmission and energy distribution as we varied the vane-tip voltage. The measurements2 compared well with predictions based on the RFQ beam-dynamics code PARMTEQ. These measurements were done with input beams that were poorly matched to the RFQ. The narrow, highly convergent input beam, which is required by the RFQ, was impossible to obtain given the constraints of (1) a short low-energy beam-transport line (LEBT), which is required to minimize the emittance growth, and (2), a limited number of permanent-magnet quadrupoles (PMQs). To better match the beam to the RFQ, we constructed additional PMQs and included them in a redesign of the LEBT. A TRACE representation of our present LEBT is shown in Fig. 2 I t:
The RFQ power was monitored with one pick-up loop in the low-energy end of the RFQ and two pickups in the high-energy end. The output signals were rectified with calibrated crystals that supplied voltage signals proportional to the power in the RFQ. The proportionality constant K for each pickup was determined from comparing measured and predicted curves of transmission versus rf power.
The output current was measured with wideband pulse-current transformers. The output emittance was measured at ES3 in Fig. 1 using slit and "sandwichtype" collectors. The output beam power was 200-kW peak and was deposited in a 1.0-to 2.0-mm-radius spot on our emittance slit material. Because this power was dissipated within the first few mils of material, it quickly melted and eroded the metallic slits. We replaced our metallic slits with a modified LAMPF slit design, which used graphite inserts to define the slit. We tried pyrolytic graphite and a copperloaded graphite whose heat conductivity was increased by the copper. Both types of graphite withstood the 2.0-MeV beam, but the copper in the copper-loaded graphite vaporized and caused breakdown in the RFQ structure. We decided to use pyrolytic graphite in spite of its lower structural strength. We also reduced the rf duty cycle to lessen the damage to the slits. This pyrolytic slit material has withstood numerous emittance runs without failure. We observed no effects on our measured H-emittance when we biased our slits, whereas biasing the slits changed the emittance shape of the 750-keV LAMPF proton beam. We conclude that the thermal and secondary electrons, which are produced when the beam strikes the slit material, do not affect our H-beam dynamics because they are removed from the beam by Coulomb repulsion. However, these electrons can affect the neutralization of a low-energy proton beam, its beam dynamics, and (hence) its apparent emittance. The energy of the output beam was monitored with our momentum spectrometer and was used to verify full acceleration by the RFQ.
Results
The following results were gained using four LEBT designs that were attempts to match the 96.5-keV input beam to the RFQ while maintaining a small input emittance. The four LEBTs were characterized by mismatch factors ranging between 1.17 and 2.52 in the x-plane and between 1.07 and 1.41 in the y-plane when compared to the input RFQ matched beam. Each LEBT design resulted in input beams that were quite different, having relative mismatch factors between 2.4 and 2.6 in the x-plane and 0.24 and 0.39 in the y-plane. The normalized emittance area for these input beams ranged between 0.015 and 0.036 ir-cm*mrad. The different LEBT designs delivered 80 to 104 mA of current to the RFQ. Figure 3 shows the measured and predicted transmission versus vane-tip voltage for two LEBT designs. We have plotted the percentage of maximum transmission in each case and the vane voltage V in percentage of design voltage Vo0 The figure shows that the percentage transmission had the same dependence in both cases and agreed well with the PARM1EQ predictions. This good agreement also resulted in good agreement between the proportionality constants K as evaluated from the two cases. We do not know the cause of the slight discrepancy of the measured data with the PARMI-EQ prediction in the region of the "knee"' at the transmission plateau. The RFQ output current for these measurements was between 39 and 68 mA. The higher cUrrents were obtained with smaller emittance input beams to the RFQ.
In Figs. 4 and 5 we show the locus of x-and y-ellipse parameters a and 3 as the vane-tip voltage 
